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Memorandum For Messrs. William F. Friedman 
and Frank B. Bowlett, 

¥ P and 9 Division, 

Office of the Chief Signal Officer, 
Monitions Building-, Washington, D.C. 



Subject: Improvement in Cryptographs 

Hen Patent Application 



1. fhe documents and drawings for the above entitled patent 
application have now been completed and are submitted herewith for 
approval and execution prior to the filing of the application in the 
Patent Office* 



2. In executing the application, each of you gentlemen should 
be careful to sign his full first, middle initial and last names at 
the three plaees indicated in pencil and then take acknowledgment to 
the oath before a notary public who must also sign and impress his not- 
arial seal* If an^r changes or corrections are deemed necessary er de- 
sirable, please indicate the same in the carbon copy sent for purposes 
of cheeking. One set of photostat ic espies of the drawings is also trans- 
mitted at this time for purposes of cheeking* 



3. lour attention Is called to the fact that this application 
has been placed in *£f secret category and the Patents Section has been 
directed to take the necessary steps to invoke the provisions of Section 
4894 IL S, in accordance with the preeodure initiated by the Chief Signal 
Officer under date of August 21, 1935. When this application has received 
a formal date of filing and Serial Somber in the Patent Office^ necessary 
steps will be taken to comply with the requirement Just mentioned and ap- 
propriate documents will be prepared for that purpose* 






Charles A, Howe, 

Patents Section, Signal Corps 
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Declassified and approved for release by NSA on 09-27-2013 pursuant to E.O. 
13526 ' - - - 
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individual contacts of one face being connected by involuted conductor# 
pass is# -through tbs disk to individual contacts of the other face is a» 
wr'bitr»rj manner. Is the literature of orjrptiagrsphj each eoamut&tere 
ere celled " cipher wheels '* . " coding cylinders " , end tb* like ; 
but* for purposes of greeter clarity in description they will hereinafter 
he referred to as 11 substitution commutators. n In a single cryptograph 
there say be several snob commutators Juxtaposed os a comm se shaft. Thus, 
atom siore than one substitution commutator Is used* tbs cipher letter ob- 
tained upon depressing a key of the keyboard is the result of tbs passage 
of aa electrical current along a complex path tot up throng, all the 
Juxtaposed substitution connote tors, this path being competed of ae many 
*ub—:*iihs Joined sequentially as there are commutators. In other words* 
there in hers a cryptographic effect whieh is distinctly a cascade effect 
of greet complexity. 

Cryptographs of the foregoing description may be divided 
into two categories. Into one category may be placed all cryptographs 
hawing one or more substitution commutators rotatably mounted on a shaft 
between two fixed end plates* each end plate hearing an annul nr ring of 
contacts* the latter being so disposed as to coincide exactly with the 
contact • on the faces of the substitution commutators. In cryptographs 
falling into this category the keying switches of the manually operated 
keyboard are connected to the contacts of ode of the end plates, while 
members of the bank of indicating devices are connected to the contact# 
ef the other end plate. Also a reversing switch of twice as many com- 

. - t 

tacts ae there are keys on tbs keyboard is pveeidmd *hioh enables the 
operator to interchange the connect ions between the two end plates* tbs 
bask of indicating devisee sad the keyboard switches ee as to pro wide for 

cme inhering ami deciphering equivalency. 

- 
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Into trw» otter nt«forj nay te pieced all cryptograph* tew- 
ing a single and plat* of tte typo described. ' Tte latter contact* are* 
however, coaaected to tte movable iwatero of a oat of tingle polo, telle 
throw switches, tte number of twitches being tte mm or the mu* ter of 
contact to provided on too end plate; and so constructed that the switches 
are controlled by the keys of the mutually operated keyboard* tdjaecm* 
to t.-e above-described end plate are notated one or more substitution 
nn— mt » tore* tte final commutator, that is, the one teat remote from the 
end plata* belnr what is hereinafter described *m<3 referred to *s a 
" rever sing commutator n . r i*.e purpose of the reversing commutator ii 
to retara a current enteric* the oo— nutate re at one contact on the end 
plate te seme other contest on tte eaae end plate; the mar rent thus 
eoj—io into the rover sine Plato via One complicated path through tte 
commutators and returns to tte end plate along another path through tte 
commutator »• Thus, in this category of cryptograph* enciphering-dee ipte 
erlhg oqui valency is effected without the use of a reversing switch 
which i w necessary tn cryptographs of the first category* 

* In both categories of cryptographs it is usual to. provide . 
means for angularly displacing or rotating tte commutators, the reason 
for which will be briefly discussed. If, in cryptographs utilising 
sutetitutloa ooannstators of the typo described, op provision is made 
for their angular displacement during the course of enciphering a 
plaih-text message* the resulting cipher text will te iftamealphabetle 
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la character ; tnnt Is, only one substitution alphabet will have been 
used in the entire enciphe reseat. It xt well-known that such Mono- 
alphabet ic cryptograms offer littlo resistance to cryptanalysis, and, 
in order to inc' ease the cryptographic security of such cryptograms, 
factors other tn&n aw re change ef alignment of the substitution com- 
mutators from Message to Message must be incorporated therein. Here- 
tofore several types of cipher Machines have been invented in which one 
or wore of the substitution cement a tors are rotated step by stop with 
the encipherment or decipherment of each letter, but in a regular and/ oar 
»eter- like Manner. Such cipher machines provide e considerable increase, 
in oryptographic security ( that is, resistance to cryptanalysis) over 
those cipher machines in which no angular displacement of the substitu- 
tion coatautfttora takes place, but Btill not sufficient to insure practical 
tadecryptability for cryptograms produced by their use. This is because 
the latitude of variability offered by the Substitution commutator dis- 
placement Mechanic* it limited and all forme thereof may be readily re- 
Coestructed from a model of the cipher machine. 

It is an object of this invention to provide a means of 
effecting the angular displacement or rotation of the substitution com- 
mutators in an irregular, completely aperiodic Manner, thereby greatly 
increasing the resistance to cryptanalysis of cryptograms enciphered by 
cryptographs of the type described. 

A. basic feature cf the invention is the provision of methods 
and means for controlling the angular displacements of the substitution 
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coamUiort bj electrical circuits which also pass tbrorigh ro t*.tehi# 
eotgsatator*. !Rm latter the* constitute, it effect* commutators far 
the control of the sabeti ration wtteW»; for sake of brevity t«i 
clarity In description, eoenU t ore performing this f auction of con- 
trolling sub eti tut ion eensssiaior# will hereinafter bo designated tiapll 
as ” control commutator* " . . Several specific embodiments of the basic 
invention oill.be described. At this point it will novel? be went lose*, 
that the control eoewuta tors nay fora on independent aait physically 
nepers tse from the substitution ocwotaxators bat electrically associated 
with the latter t it ie possible, however, to make one end the eaxae set 
of eomaeuxatorc servo both *r control ooawatatore set substitution com- 
mutators, there belug provided associated means designed to keep the oom- 
trol function* electrically eeparate fraw the substitution fu»ct tons. 

The several different embodiments of the Invention end the 
modes of operation of the various forms are explained in this srpecifisa- 
tiea in detail sufficient for eostprshajutiea by those skilled in the art. 
The explanation ie m a de in connection with the accompanying drawings. 

In whleh * 

Pig. 1 is a schematic diagram of «*« simple embodiment in 
which there is shown a first a t of commutators for psrfomi ag substi- 
tution function* and a second set of somewhat differently e one true ted 
commutators for perfuming control function*, together with the associated 
circuits mad contacts for proper operation of the cryptograph ; 

fig. £ is a ocbermtic dit.gr am of * sot of scttmutators 
also designed for performing control functions but in this cate these 
commmta tors ere similar in ecus traction to the substitution c ommu tators • 

IS 
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*1*. 2 le a schematic diagram of another emhod iment in which *' 

*®b ®f double-ring eemmutators of novel corn tract ion pgfortt 
both function* of substitution and -control s 

Vlf. 4 *hows a perspective view at one of these double-rl^f 
eoMBvtfltere j 

**g» 0 le a schematic diagram of mother embodiment in wbieh a 
eet of double-ring eommntator* it arranged with associated switching 
mechanism to as to perform hath function* of substitution and control, 

’j. 

without the use of a reverting- eotanutntor t 

Jl C* 0 i» * rehe-aetle diagram of another embodiment In which 
f! agio-ring commutators are weed for this purpose, one eomsntator 
being * reversing commutator j »«< 

fig. T i» » schematic diagram of a Modification of the form 
shown in Fig. 6. 



Boferring now specif ieally to Fig. I, elements designated by 
the numbers 1 to 4, inolnsive, are substitution commutators of the 
normal type hereinbefore described,- in which there is a single ring of twenty* 
****’' contacts on each faee, the contacts on one face being connected 
irregularly to the oont«cto on the o*ber fees. Commutator 8 is also 

4 ' 

a substitution commutator, but differs fro* the ethers la that only 
one fact of the commutator bears a ring of contacts* the latter contacts 
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^eing interconnected irregularly in fairs. A current entering one 
contact of the Eingle ring *f oentaete is merely carried alexg Oft iu- 
rolat#4 aonductor to iom other eontaet, fro* which it emerges from 
the cewantator. In other worde the current enters the cotmrutator 
*t mu contact and leaves it at another, on the same face of the 
comma* ter « fbie is e eoamut&tor of the type rafenrjj^i to above as a 
reversing commutator. Commutator* 6, 7 and 8 are control coswntator* 
of which T and 8 are eisilar in principle to substitution commute- 
tor* 1 to 4, except that they bavs only six contacts Instead of twenty- 
Id * ring on each face; coaaut-' tor 6 is a reversing ooamutetor 
and is similar in principle to reversing commutator 5, except that it 
has only six contacts instead of twenty-six. 

The substitution commutator* are mounted upon a common shaft 
20 upon which they may he Independently angularly displaced stepwise 
l/2d of r revolution, between fixed end plate 301 and bearing plate 
SOX, the latter serving merely as a retaining plate and having no con- 
tacts or conductors dithin it. The commutators arm separated by fixed 
plates 306, 306, SOT, and 30# which bear rings ef twenty-six contacts 
suitably disposed for bridging between successive commutators, in order 
to provide for electrical continuity from one commutator to it* next 
adjacent ose. The contact* in these separator plate* are ball -bear tag 
spring eon tacts exerting sufficient outward pressure to iAsure good con- 
tact. The control commutator# or* mounted upon the same common shaft 20 
upon which they sr<y likewise be angularly displaced step* is* i/$ of a 
revolution, between fixed end plate 304 and bearing plate 305, the 
latter serving merely a* a retaining plate. Vomeral* 309 and 310 des- 
ignate separators similar in construction and function to separator* 
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308 to 3DB, except that t-j*j have rings of tut tlx contact*. The 

motion of the threw ooatrol o must a tors i# no ter-liks, commutator B 

. en 

being Mnd 1/5% of a re •Mint ion for each ohsraeter/aiphered, com- 

wrtator f tmiag moved l/6 of a revolution per eeaiplete revolution 
of c Gamut a tor 8, end caunutator 6 being woved l/t of a revolution per 
couplet* revolution of commutator 7. This eet of throe ooi— ate tom has 
a oomploto period {return to an Initial position) of 216 j that Is, 
after 21$ characters have hoc* enciphered or deciphered the commutators 
return to the lr initial relative rot* tor? position#. The aeasn for 
moving those comutators will ho described presently, The mineral e 
9, 10. U, 12, and 13 designate magnets, here termed eutoetitwtion- 
onsawtstor ooleotcr wages ts, which when energised, do to mine which of 
the substitution earnouts tors 1, 2, 3, 4 and 8 are angularly displaced, 
aithCr by acting directly on the oaeseutators or toy releasing an actuate 
jay — ehsnisw which acta directly ©« the commutator*. Wans rale 14 and 
18 designate two of a Vet of twenty-six Indicating devices such as glen 
leaps or magnate for operating a printing mechanism, such indicating 
devices toeing well known In the art. Sack indicating device correspond* 
to a latter of the English alphabet • funeral* IB end It designate two 
ef a eet of twenty-* ix eingle-pole, double-throw Mitch levers operated 

hy the keys of a type»riter keyboard. The keyboard is alee provided with 

fcv 

a universal bar 44, which controls twitch lever 17, the feast tone of whlo% 
will be described later, and it also controls switch lever 117 end contest 
48, which control nagnet 31, the latter serving to displace eesmntater B 
one step per depression of any key of the keyboard, Then oenmutater B 
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Maks# a coarplets revolution, It closes contact 3£ which control# 

M^Mt 3$, the latter serving to displace SO— eatfktor T one step 

per 4 depressions of keys on the kvyhoeard. . Whom ecenratntor T 

mket s complete revolution It e loses coataet 94 thitft control* wibH ■ 

30, the latt«t serving to displace oonarutaior 4 one step per twanty-eix 
depression* of the ke.v* of the key-beard. Contacts 33 and 34 are operat- 
ed by roller • on eprliyr lovers. Thee* relieve nonaally ride upon tie 
Peripherie* of oMstntatore f and 8, hut art * certain point on each eoewatator 
there ie a transferee slot which allot* the roller to drop eoff iclsntly 
to close the contact concerned. Of course, theee three c ornate tore 
could he displaced sneehnnicnlly, by mean* of ratchets arid pawls and 
direct control from the universal bar of the keyboard. *e the right 
Is Fig. 1 is sheen an end aids elevation of fixed end plate £04 which 
adjoins control eoaecntator • on the exit faee of the eewntator* th* 
whole line# shoe the conductors leading away frm the six contacts on the 
right site of the end plate 304; the dotted llnee show the conductors 
leading from the left side Of end plate 304 into Oas —u tator 4. 

Having nos particular reference te Pig. 1, with e view 
to giving a couplets description of the action of this fom of the Inven- 
tion, the sequence of events which transpire during the enelphsraent of 
the plain-text letters will he related in detail. In order to encipher 
a message, it is necessary first to eouat the cosarotntor* upon the shaft 
according to some prearranged order. It being obvious that nnreenttir* 

10 
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l, 2, 3, and 4 Mgr te interchanged la position aa«n£ thence Ives, and 
oo&iotators 7 and 8 «| te In 6rchaj&*dj commutators 6 and 6 must 
NWtU In the positions shown, nine* they ara reversing cowani* ntors 
and cannot tie replaced toy the other commutators or toy each other. 

Next it is necessary to align the several eomamtators, as regard* 
their relative rotatory position# upon the abaft, according te a pre- 
arranged key. After ell this tee been accomplished, main power switch 
3i ie elesed, setting op a circuit a» foil ova : Pros battery 14 to cloeed 

evitoh 94, conductor SI, contact lever IT, closed contact 81, conductor 
84, contact Vt os the fixed end plate S04, into, through, end out of 
the control eoemetator unit vie the route through 8, 310, 7, 909, 

4, 309, 7, 310, 8 as indicated to contact 28, tnenoe aleeog conductor 
98 to eeleotor magnet 10, conductor 43 and hack te battery 14. When magnet 
10 ie momentarily energised It causes substitution commutator 4 to toe 
displaced angularly through l/2Sth of a revolution. The machine is me 
ready for enciphering. If the letter A is to toe enciphered, the tody 
corr * upending thereto is depressed. At the beginning of its downward 
travel the universal bar 44 causes contact lever IT te move away from 
contact 21. The key ter A causes contest lever 18 to break contact at 
44 and to make contact at 82, setting up a circ it as follows t From 
battery 14 along conductor 23 to closed contact 22, contact lever 18 and 
conductor 24 to a contact 29 in end plate 301, thence into substitution 
comeat at or 1, through the commutators and separator# 1, 306, 8, 904, 8, 307, 
4, 308 Into and out of reversing eomsntator 9, back through separators ant 

11 
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icw uiators 308, 4, SOt, 3, 304, 2, 305, 1, wt at contact 30, 

return along conductor 25 fa costaot lever It, e oat not 47, theooe W 
indicating device 14, which la this dreeing correspond* to the letter 
<i, Conductor 43, end back to battery 14. At the end of the downward 
travel Of the universal bar 44, the latter move* switch lever 117 
and closes contact 45, momentarily clesls^ the circuit for energising 
magnet 31* This can see control commutator 8 to be angularly displaced 
through l/8 of a revolution. When key A is released, the universal bar 
44 is returned to Its normal position by * retractile spring ant contact 
lever 17 returns to contact 21, reestablishing the circuit from battery 15, 
•witch 35, lever 17, contact 21, conductor 26 to Contact 27 of fixed end 
plate 304. Sue to the angular displacement of control cotsaut*. tor 6 the 
current will warn traverse a new path through the control nit and back to 
some other contact ef end plate 394 from whence it pas ace through one of 
the selector magnate 3 — 12, to battery 16, causing one ef the substitution 
ensm niters to be displaced, and thus providing a new substitution alphabet 
for the encipherment of the next plain-text letter. 

The deciphering operation of this machine is the s »ae as the 

j 

enciphering operation, the enciphering-deciphering relationship being by 

1 

nature reciprocal. In setting the machine for deciphering, the same pro- 
cedure is followed as for enciphering ; that is, the commutators are 
arranged and aligned at the bench mark according to the prearranged key 
and switch 35 is closed, whereupon substitution commutator 4 is angularly 
displaced as hereinbefore described. The key corresponding to the cipher 

letter % |e depressed, which causes contact lever IP to break contact 

/' ' !' 1 
f 1 ; 

/. 

t 

■' $ . 

, I 

A 

j 
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/j *t 47 ond to anSc« contact At VS causing current to flew from lottery 
/} 14 through conductor 3S, closed cent act 42, con Wat lover 19 ead 

/f conductor 25 to contact 30 on And 'plat* 301 of the substitution 

-< y 

coararatator twit. The current passes into and through the latter along 
one path and return# along another path ae described before t ft emerge* 

At oeat&ct 29 on end plate 301 and floes along conductor 24 te contact 
Itnr 14, clewed contact 44, to indicating device 15, ehieh corresponds 
te the letter A. The universal bar 44, operated by the depression of the 
key corresponding to the letter Q clo# » contact 45 at the fed of its 
downward travel a ad causes control coeanrtntor 8 to advance. When the 
key corresponding to the letter q Is released, the naive r sal her 44 
returns to its normal position, causing contact lever If te reestablish 
contact at 21 thereupon causing a rab at i ration commutator to wive forward, 
as described. 

In fig. 1 the control eorasmtators were provided with rings of hat 
six contact surfaces on each face, whereas the substitution eoaasatatere 
were provided with rings of twenty-six contact surfaces. There is, however, 
no reason why the substitution and the control coecasatatcrs should not be 
identical In this regard, thus providing for their InterohangeabiUty ea* 
greatly increasing the keying possibilities or the cryptograph. 

In Fig. 2 is shown now trs homologous elements of 
F|g. 1 nay be modified t<> eceoaplioh tfci* effect. Bod pEUfie 304 end the 
eossRutators 4, T, 8 now bear rings of twenty-#!* contacts instead of 

15 
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ring® of only six ooutaots. Contact C? retrain? a single contact fox' 
tbs entrance of lbs current into the centrei ccaaratator* leaving 
twenty-five contacts on and plats 304 for the sttergence of the current 
frost tbs control conaatator*. fhaso twsnty-f ivs contacts arc tins* 
joined 1st fits sets of f I ts contacts sash, to the firs conductors 
37, 3 ft, 39, 40 and' 41. Other grouping* in respect to the &wbm 
and identities of contacts constituting sack of the fits groups asy 
b« preferable, or this an; be subject to variation, according to a key. 

The arraagenent shown in fig. £ provides a sequence of 
leaping Ispcjce? which will not begin to rspaat until control cowsutator 
| has amds a oowplstS revolution, or after 2d x 26 x 26 - if, £76 

depressions of tbs universal bar, corresponding to the sne ipfeerment 
of exactly 17,376 letters of plain** text. Sue to the irregular (mazier 
in which tbs internal connections of tbs. control coanmtatars are made, 
tbs substitution ccassutators vili be sensed to rotate through . eaegpal 
angles, an that *h *a the second cycle of tbs control cosssatatox unit 
is began, the augment of the substitution eaaMnxtators sill differ from 
14s initial Sli ga s en t. da a consequence «f this ass al ignaeat of tbs 
substitution ooamutators tbs period of the sequence of selection of 
substitution alphabet* sill be greater than 17,576 by sons omit i pis 
of that EMtber, depending upon tbs siring of the three control ooasnt&tors 
and ths Banner in which the contacts cf end plats 354 are connected to 
ties sslsctor Magnets. Tkin substitution period is therefore- one of tre- 
atepdous length, 

14 
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k third fora of th* intention i« schematically depicted is 
Figure 3. From a cryptographic standpoint th* essential difference 
between this fora and th* first described fora lies in the utilisation 
of a sing-1* eomaatator unit* which serves both ft* ft substitution eeawata tor 
unit and .*« a control commutator unit* th« two functions being performed 
by independent*. concentric rings of contacts boras on th* sans ooewut store, 
la Tig. 4 there is shown ft side Ties of on* such conautator. la this 
figure there Is on such face of the commutator an outer ring of twenty- 
six equidistant contacts* of which* for the sake of clarity* only six 
indicated by numeral 4* art shown* n-.d a concentric inner ring also of 
twenty-six squid l stunt contacts of which only six indicated by numeral 
4b are shown. The contests 48 of the outer ring on one face are irregularly 
connected by insulated conductors SO to the cont&ots 148 of the outer ring 
on the other face. Similarly the contacts 49 of the inner ring on one face 
are irregularly connected by insulated conductors 150 to the contacts 149 
of the inner ring on the other faoe of thft commutator. The two rings 
are therefore entirely independent of each other* though they are both 
carried on the seme eoaautster. Conuxa'rvtor* of thi? type will hereinafter 
he termed double-ring e sa am tato rs. 

Reference is now Made to rig. 2 ia which this er.bodiaent of 
the invention Is also shows aerely in schematic fora. The nsmeral* 

101, 102* 103, 104 and 105 designate double-ring coasmtsters negated 
ea a comma* shaft 20* separated by. separators *05, 306* 30?, sod 308. 

Keane are provided to cause the eosmtntors to be closely pressed against 
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the separators so that positl/ve electrical contact may be made between 
adjoining commutator# And separators and between eonmtator 101 and 
end plate Sal, A. side elevation of end plate SOI is depleted At the 
left in Figure 3, showing the connections between the contacts thereon 
and the selector stagnate 9, 10, 11, 12, and 13* The dotted lima through 
the commutators 101 to 109 indicates the path of the current through 
the inner rings of contacts while the continuous line narks the path 
through the outer ring of contacts* 

The sequence of events during the encipherment of a letter 
is as fellows » When main twitch 36 is closed, at the cooraenesaent of 
operation, a circuit is set up as follows t I-’ro* battery 16 through 
olossd nain switoh 56, conductor 51, contact lever IT, closed contact 
21, conductor £9, inner-ring contact 127 of end plate 301, into commutators 
101 to 109 and out of then along broken-line path to another inner-ring 
contact 128 of end plate 301, thenoe along conductor 28, through selector 
• magnet 10, along conductor 48, back to battery 14, When selector magnet 
10 is momentarily energised it onuses commutator I04v to be angularly 
displaced l/26 of -4 revolution, thus setting ip a path through the commute- 
tort for enciphering the first letter, say letter A. -hen key A la depres- 
sed, universal bar 44 is caused to move downward, moving contact lever 17 
nway from contact 21 and allowing current to pass from battery Id along 
conductor 22, through olossd contact 22, contact lever 18, conductor 24, 
outer-ring contact 29 of end plate 301, into the eomnutators through which 
it fellows the continuous line and returns via outer-ring contact 30 of end 
plate 301, conductor 25, contact lever 19, closed contact 47 to indicating 
device 14, conductor 43 and back to battery Id. After the letter Q corres- 
ponding to indicating device 14, has been recorded, key A is released and 
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break# contact at 28, at the mhi ti.ae allowing universal ter 44 to 

V 

return to it# normal position. Whan universal ter 44 return# to it# 
normal pool t ion contact 21 i# closed reestablishing a circuit through the 
inner-ring contact# of the eonmut stars. But ceeuutator 104 ne ring te en 
displaced on entirely M> path through the comm ut ators 1# now a** liable 
for enciphering the letter A, if It it again te he enciphered. 

The decipherment of the letter Q tehee place In am anal- 
<geee aanner. The maohiae haring teen meet te the k*i, the dosing ef 
Main switch 94 a# before oaneee a current to flee through one of the 

t 

inner-ring contacts to selector magnet 10, soring commutator 103 one 
step forward. Depression of key Q establishes a circuit af> follow* : 
battery 16, closed switch 36, conductor £3, closed contact 4 2, contact 
leper 19, conductor 26, outer-ring contact 30, thence along the con- 
tinuous line Into, through and back through the commutators, pa ier#Wfc at 
outer-ring contact £9, conductor 24, contact lower 18, closed contact 
46, lad touting desloe 13, oor re spend lag te the letter A, dendueter 43, 
teCk to battery 16. Tfhen key Q is released, unite real ter 44 return# te 
its normal position and again a circuit is established through the inter, 
ring contacts of the commutator ,3 • But since commute tor 103 has been displaced, 
a new path is now available for deciphering the letter k if the Q, key is again 
depressed. 

The period of the sequence of alphabet selection produced by this 
arrangement is variable and will dope ad upon four variable factors, namely 
(ij the wiring of the inner rings of contacts of the double-ring commutator#! 
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(2) the horizontal permutation of these commutators on the shaft ; 

(3} the alignment of the commutators and (4) the manner in which the 
inner ring of contacts on end plate 301 are connected to the selector 
magnets. 

In Fig. B the invention as regards double-ring commutator* 
to perform substitution and control functions is embodied in a crypto- 
graph of the first category as briefly described in general term* in the 
first part of this specification. It will be recalled that in cryptograph* 
of this category, there are two end plates of identical construction and a 
reversing switch which, when set in the enciphering position, connects the 
switches of the key-board to the contacts of one of the aid plates, say 
the right-end plate, and the indicating devices are connected to the contacts 
of the other end plate, say the left-end plate ; while when sat in the de- 
ciphering position, the reversing switch reverses the order of connections 
between the switches of the keyboard, contacts of the end plates, and the 
indicating devices, so that the keyboard switches are now connected to the 
left-end plate and the indicating devices are connected to the right end 
plate. 

Accordingly in Fig. fi there is shorn a keyboard 52, a 
bank of indicating devices 53, a left end plate 301, a right end plate 302, 
and a reversing switch 54, together with other parts homologous to those shown 
in the preceding figures. Only certain of the keys of the keyboard and 
certain of the indicating devices of the bank of indicating devices are 
shown in circuit relationship, it being understood that the remaining keys 
and indicating devices are connected in homologous manner. 

u 



18 



REF ID : A3 97 51 



Assuming that the cryptograph i a te he operated for enciphering, 
tiM switch 64 la set to awl^Mriax position. which *rrwg«« for eircait 
cent iiraltj along tbs continuous lice a 66 to 66* The main switch 84 iy 
now closed end * circuit ia established as follows « Battery 16, closed 
•wit oh 86, ooaduetor 63, universal her switch Isvwr IT, closed «Mt*ai HI, 
conductor 26, innar-rlng coot act 127 of right and pi* to 802, through 

‘ * , L 

the so— wtator unit, to inaer-ring oontaet 128 of la ft and plate 881, 
mdwtor 88, aalector magnet 10, conductor 43 hack to hatter} 16* 0«m- 
anztator 104 la angularly displaced one stay. Key A is now depressed* 

The at remit through the inner-ring of contacts of the eommutator* la now 
broken, aa universal bat* 44 breaks the contact at 21. At the same time * 
circuit la established throogh the outer-ring of contact a of the com- 
■rata tors at follows « lottery 14, closed eeriteh 84, conductor 28, contact 
lower It operated by key A, eloaed o cm tact tt, conductor 24, through 
the re vara tag switch 64 along conductor 66, conductor 224, outer-ring 
eontaet 29 of right and plats 802, Into and through commutators 106, 104, 103 
102, 101, wia thair outer-ring contacts, ea outer-ring contact 229 of left 
tad plate 301, conductor 246 to the reversing switch 64 through the latter 
along conductor 66, thence along conductor 948, indicating device 14, cor- 
responding to tie letter Q, conductor 43 to hettery 16. Than key A to 
released, universal bar 44 returns to its no ratal posit ion, reestablishing 
contact at 21. Again a current flows through the inner ring contacts of 
the coshbu tutors, catering at contact 28 but now emerging at some oontect 
ether than 128 os left mid plate 801, since oemaatatar 104 has boon dis- 
placed. a selector magnet is energised, and a new path is set up for the 
passage of the next enciphering current if A ia again depressed. 
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In order to effect decipherment, the yevereing switch M met 
he eet for the deciphering funTtion. This causes the paths through the 
reversing switch 6* to fellow along the dotted line* instead of el eng the 
continuous lines. The operation imediatslj sub ■eluent to elseiqg mala 

' . ■ . v 

switeh 36 is now exactly the sane as before, when the encipherment of letter 
A was desorihed. This is because the circuits to the selector magnets ere 
associated with the inner-ring contacts of the com mu tators, and these con- 
tacts age not connected' to any of the eon taste in the reversing switeh 54* 

In the first enciphering operation, the letter A was enciphered by 
The decipherment of Q. will now be followed. Bepreesing the H hey cause* 
universal ter 44 to break the oi renit at 21, a* before, hut the substitution 
sire nit is now partly different trrm what it wa* when hey A tee. depressed in 
encipheraent. The circuit Is now ae follows t Battery 16, closed switch 36, 
conductor 23 , contact lever 19, closed contact 42, conductor 25, through 
reversing switeh 54 along dotted path 257, o endue tor 248, outer ring contact 
229 of loft ted plat# 301, through the outer- ring contacts of the cmammtators 
to an outer ring contact 29 of right end plate 802, oonduotor 224, through 
severally switch 64 ting dotted path 256, .conductor 226, indicating device 
A, conductor 43, to battery 14. Thus Q in cipher yields A In plain language* 

A fifth embodiment of the invention util lose single-ring commutators 
to serin hoth as substitution oc mutators and control commutators by ■s an s of 
a gang switch of twenty-? ix contacts Inserted in the circuits through the 
commutators* figure 6 shows a schematic diagram of this font of the inven- 
tion. 
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Having now particular reference to Figure 6, with tbs except Son 
of the gong switch and relate which will ‘bn described presently, the 
elements shows therein are similar in ocnstrwstioa and function to the 
eor re sounding elotwrtts shown in the preceding figures. Sang switch 86 
is merely * deride tar breaking «*» couplets set of twenty-six contacts 
sisal tseeously and at the sa-se time making another ?ot of trenty-six 
contact* si <<ult&nsou*ly« It is operated by magnet 83 and associated 
relays* The aeSlon of this font of the invention is as follow t At 
the beginning of operation, switch 36 is closed, setting np circuit* 
through relays 119 and 114, as follows s battery 16, conductors S3, 

111, switch lews 17, closed contact 72, conductor 112, relays 113 aad 
114, conductor 124, to battery 16 # Belays 113 and 114 are energised, 
censing amatures 40 and 106 to establish contact at 41 and 103, res* 
pectively. By means of a mechanical looking arrangement, once armature 
60 has been attracted by relay 113 the contact established at 61 is locked 
until released by the action of relay 66 j similarly when armature 108 of 
relay 114 ban been locked Into contact position at 109, it at ays looked 
until relay 110 is energised* Consequently, although contact 72 must 
be closed fn aider to establish contact at 61 and IDS, after the latter 
contact* hate been established they will remain so even if contact 72 is 
broken by depressing universal bar 44. Then kuy A. ie depressed universal 
bar 44 causes contact lever 17 to make contact with contact 21, setting 
up the fell owing circuit; frota course of poo. r 16 through conductors 29 , 
111 mad contact lower 17, to closed co.it nut 21 through conductor 79 rad 
locked lover 80 of relay 113 to contact 81, the rue through conductor 82 
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through gang- switch aagnet S3 end conduct^*'* 116, ,166 took to wmapcm at 
power 16^ f^tcja gang-switch msgaei 63 Is energized, eraeturs 66 is 
attracted, cwtsing gang- switch 89 U» diieo^ft a lever eat at twenty-six 
edntnete an<j to engage aa wpner set of twenty-six contacts. Switch 
levers BA, IBS, 288. 366, 485 sot! £38 are fits of tbs sot Of t*Sttty~»ix 
switch lever* controlled hy g->ngsvitofc 85; sea tacts 90, 190, 290, 990, 

490 and 690 are firs of the set of twenty- si* lever contact# coat rolled ■ 
by the switch lexers of the gang switch 86, contacts 91, 133£, £91, SJI, 

491 sad 591 ar* fixe of the set of twenty-six upper contacts swat rolled 
by the switch lexers of the gang swlteb 95. HeferrSiig to control e 91 and. 
191, which bate been closed by energising gang-switoh magnet 88 at, noted 
above, there is set op a circuit as fellows : free source of power 16 
through conductor 28 to closed contact 46, ( the key A still being 
depressed } through coeteet lever 16 exd oenduetov 119 to Closed contact 
91, through contact lever 66, and oowduetev 76 te a eostaet 29 on end 
plate 301, Ceesurtetorw end separator* 1, 306, 2, 306, 3, 907, 4, 308, sad 
6. ff«— ate tor 5 Is a reversing coeeuthtor, and t a ref ore, the current 
geee heck through the eessnttator* sad separators 5, 30# r 4, 307, 3 , 306, 
2, 305, 1, and return* to end plate 301, eaerging at contact 30 am. end 
plate 901$ tfcattee along conductor 6A end contact lever 188. to closed 
contact 191, through eonduoter 93, contact lever i*>, closed contact 42 
along conductor 121, te indicating device 14, thence along ocaduetor 43 

to relay nagaet 66 and hack along conductor 77 to battery 16. 

then indioat ing device l« is energised, a type bar is caused 
hy swans hot shown to print the letter 6, which is the Cipher equivalent 
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pf the plain-text latter i» Wien relay magnet 68 is energised, 
contact lever 80 disengages contact 81 and engages contact .100, 
deenergising switch control magnet 83, and allowing gang switch 
66 to disengage the upper set of twenty-six contacts, among which are • 
contacts 91 and 191, and engage the lower set of twenty-six contacts, 
among which are 90 add 190* This sets up a circuit as follows t 
battery 16, conductors S3 and 111, universal-bar contact lever 17, 

Closed contact 21, conductor 79, contact lever 80, contact 100, 
conductor 122, selector magnet 13, conductor 1Q6, closed contact 
190, contact lever 188, conductor 84, contact 30 on end plate 301, 
to, through and back through commutators 1 to S, contact 29, conductor 76, 
contact lever 86, closed contact 90, conductor 107, contact lever 108, 
closed contact 109, relay magnet 110, conductors 123 and 124, back te 
battery 16* 

• - ' r 

When selector magnet 13 is energised, commutator 1 is 
angularly displaced through l/26th ef a revolution, and a new set of 
circuits is formed in the eommutator unit* Relay magnet 110 having been 
energised, contact levpr 108 is caused to disengage contact 109* This 
breaks the eireuit through the selector magnets and prevents energising 
selector magnet 13 a seeend time* Ho further action ef any part can 
taka place until the two relays 113 and 114 ara .again actuated. This 
happens when key i Is released, which establishes a circuit ac follows t 
battery 16, conductors 23 and 111, contact lever 17^ closed contact 72, 
oonducter 112, magnets 113 and 114, back to battery 16* Ab explained 

above, armatures 80 and 106 *rs locked in eonta6t*mekix« positions 

! 

23 

✓ 



REF ID : A3 9751 



tl til and 106 until ano’-ber kmj of ths keyboard 1* depressed* navel ag 
the dsvioe to operate la ths mm meaner mi hurelmhsfort dawrDwt. 

A sixth amhodl w a m t of this lu<MmV.o» la shown in Pic* 7. Do 
this fora »i l,.m i avert ion usw is mads of eingla ring eonsmtators wblefe 
ssrss hath ss substitution evmwu tetters aud control eoMntutors in <ns> 
meet lorn with a tfmg switch of 26 o on tacts opera tel by a universal hur< 

Having now particular reference to Pi?. T t the s laments shown 
therein are similar 1 b construction and function to ths oor responding 
olsnonts shown in the preceding figure, la this embodiment of tbs i»* 
vemtion, gang switoh 66 la so ouaetructad that when any key is depressed, 
and universal bar 44 fa actuated, swito'r levers 68, 188, 2? 8 , etc., dis- 
engage contacts *0, 190, 290, ste., reenact ively, tu.tl sngnge contacts 
91, 191, 291, ate. respsctlvsly. Ths operation of this form Of ths 

*w 

m . 

invention la as fo)icms t trhen a message is to he enciphered, eomuu tore 

r 

1, 2, ?., 4, and 6 ora all and to a prearranged key and switch 36 is 
Closed, setting Cg a s Irani t as follows t Battery 16 throng switoh 36, 

conductor 107, contact 98, contact lew 88, -conductor 84 to oontr.ct 29 

■ 

of sad plmtk 301, through oonuut&tcts 1, 2, 3, and 4 to co.nnrtetor i which 
directs ths cvrrect feeic thru-jgh uoanwiaters 4, 3, £, and 1 to contact 
20a of sod plats 301, through conductor 284 to coo tact lover 2129, contact 

290, conductor 106 to soatrol magnet 13 aod the s es - bock' to hatter;, 16. 

• * • 

then control magnet 13 is energised, oensratator l is rotated through l/tifrth 
of a revolution) setting up a new sat of circuits through the olpusr 
wheals. Ths device is now nadj for enciphering ths first letter -of tne 
massage . If this latter is tas latter A, ths key forrs spooling to it is 

i • 

depressed, and the contact levers of gang-switch 86 afo os m s o d to dis- 
engage the lower sat af twenty-six ooetaets end. engage tbs u ppe r sat 
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of tw*ntj-*ijr contact* nttliif up a circuit ae fellows t fro* battery ; 

16 thMnpsh conductor S3 to contact 46, contact litter 18, contact 91, 
eentaet lever M, con dec tor 94 to contact 29, through and return throng 
coaHcutater* l to 6 to contact SO, conductor iH, contact lever lit. 

Contact 191, conductor 93 to eentaet lever 19, contact 42, oondaeter 
121 to Indieating device 14 which correspond* to the letter Q, conductor 
43, eeitch 36 to battery l&. After the letter 4 ie noted, hey A lc re- 
leased, allowing the Contact lever* <*f gang eelteh 96 to disengage the 
upper Ml of twenty- si* contact* and engage the lower set cf twonty-si* 
contacts . At the instant when oentaot levers S3 and 166 both engage 
coat sots 90 and 190 respectively, a circuit is eet up as follows t 
Battery 16 through switch 56, conductor 10?, contact 90, eontaet lever 
•6, eonduotor 66 to contact 29 of end plate 301, through eeonmtatsvr 
1, 2, 3 and 4 to couarutator 6 which directs the current hack through 
eeanutatora 4, 3, 2 and 1 to contact 30 of end plate 301, through conduct or 
164 to contact lever 166, contact 190, conductor lot to control nagnet 
IS and thence hack to battery 16* tfhen control negnet IS is again ener- 
gised, eaaKatabor 1 ie again rotated through l/24th of a revolution and 

f 

•gain a nee set ef circuits l* aet up in the.eenantator unit*. The device 
ie now ready for enciphering the second letter ef the onstage. 

In the foregoing description we few* restricted the explanation 
to eases of Individualised or single displace***** of the substitution 
•••wtatore, fbere i*, however, no reason why tbeee oensutators nay nqt 
be displaced in group* of 1 , 2 , 3 according to the specific circuit 
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arrangements and displacement mechanises established for the purpose* 

To explain how this can he accomplished, we will refer again first te 
Pig. 2 and then to Pig. 1. In the dissuasion concerning Pig. 2 we hose 
said t "These twenty-fire contacts are then joined in fire sets of fist 
contacts each, to the fire eoaduotore 87, 36, 39, 40, and 41 " . In Fig* 1 
these eomductore 37, 38, 39, 40 and 41 lead to the respective nagnets T, 

10, 11* 12 and 13. But now suppose that the arrangement of contacts on 
end plate 304 and the conductors leading from this plate to these magnets 
is stash that, instead of a groupwise combination of the contact# connected 
to a single conductor, a currant emerging from one specific contact controls 
the operation of two magnate, 9 and 10 for exaaple; that emerging from 
another specific contact controls the operation of three magnets, 10, 12 
and 13, for example, and so on. Thus it will he readily apparent that 
with twenty-fire contacts it is possible to pro rids for group or perstmtatire 
displacements of the coemutatora 1, 2, 3, 4, and 6* In fact, with fire 
eoseautators there are thirty-one permatatlre displacements possible ; since 
in Fig. 2 there are twenty-fire contacts on plats 304, arrangements may he 
made so that 25 of the 31 displacements can he represented. But if it were 
desired to hare all thirty-one peronit^tire displacements available, it 
would merely he necessary to hare the commutators 6, 7, and 8 and their 
associated end plates 303 and 304 comprise sets of thirty-two contacts 
Instead of only six, as ie shown in Fig. 1, or twenty-six, as is shown in 
Fig. 2. 



Instead of a system of peroutative displacements by single steps 
one could arrange for individualised displacement* of 1, 2, 3, 4, or 6 
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•tope at a tiao j and, !&***•* of a ay«te* of eingle-etop, indi 'IdnalltoA 
•afoiar displacement of the eeamatatora, it i» possible to arrange for 
plural- stop, pensutative, angular displacements of the ocm*utators * 7b0 

flexibility of the system in this regard is thus quite apparent* 



